RBsumk. -I1 est dCmontr6 que, sous certaines conditions, la phase et I'amplitude de la diffraction diffuse sont dkterminables. I1 y a des relations tr6s compliquees entre la diffusion inelastique et la diffraction tlastique dans les plagioclases decomposition chimique An,,-An,,,.
1. Introduction. -There is a great number of papers reporting on diffuse scattering of orderdisorder phenomena in crystals, but only very few of them offer the complete interpretation in terms of a unique structural model as a function of the temperature and the diffraction angles, which are the most relevant parameters of a crystal with a given chemical composition. The reasons for this are obvious : Any defect has an internal structure and a surrounding strain field, where the atoms are displaced in a more or less complicated way. In the case of complex structures the atomic displacements may not even be described approximately by a homogeneous deformation, which can be calculated with the aid of the elastic tensor of the crystal. Hence, a complete structure determination of the defect is necessary which has to take into account the symmetries of the host crystal and the defect. It will be shown that refinement methods are possible at least in principle, but may become extremely difficult.
Since atomic reactors with a thermal neutron flux of sufficient intensity are available now, additional information can be received for the solution of the complex diffraction problem. The most important contribution of neutron diffraction to disorder phenomena resulted from its inelastic part. The anomalous behaviour of thermal diffuse scattering shed some new light on the kinetics in the temperature range of phase transitions, where sometimes soft modes produce characteristic diffuse scattering which is completely or at least partly inelastic in its nature.
For the reasons mentioned above it seems to be hopeless to start the investigation of disorder phenomena of crystals with a complicated structure, but sometimes there are apparently conditions facilitating the problem essentially. This happens generally when the strain field surrounding any defect is small, and the host lattice remains undistorted, such, that the geometry of the unit cell is not completely destroyed. It is the aim of this paper to clarify the limiting conditions for solving any diffuse diffraction problem in a complicated crystal structure.
2. Theory. -As has been pointed out above, the strain field surrounding any type of defect is one of the most difficult problems in complex structures. Therefore, it seems to be reasonable to restrict all investigations to problems of vanishing strain fields. There are two simple approaches to the theory of diffraction which are normally used :
a) The method of random distribution of defects.
b) The method of strongly cooperative defects.
Both methods include all cases of disorder in principle, which one is the more useful can best be judged by analyzing the diffuse diffraction picture qualitatively. Figure 1 shows figure I may have its own structural kernel, but there may also be similarities between them. The X-ray diffraction pattern is generally described in the following way : There are sharp reflections with intensities where R is the usual Laue-factor. pi is the apriori probability to find a particle with the incoherent scattering amplitude Fi which is given by (1) means that an averaged structure analysis is possible, projecting the whole information of the distorted structure into one unit cell. It is only the diffuse intensity given in eq. (3) which enables a complete determination of the disorder problem under investigation. One important property of the scattering of the diffuse background may be interpreted much easier if eq. (3) is restricted to two F's, Fo, the scattering amplitude of the host lattice, and Fl.
For the sake of simplicity we may assume furthermore that F, refers to one unit cell only (this does not involve any restriction for the following discussion). Eq. (3) becomes then Eq. (4) gives a very general and important result : The concentration of defects within a given lattice regulates the intensity of the diffuse background, but its general structure is not changed ; there is no weighted contribution of F, and F, to the diffuse scattering as indicated for the intensity of sharp reflections. Another important property of the diffuse scattering is indicated by eq. (4) : Let us assume that the structure amplitude of the undistorted lattice is well known, eq. (4) then gives some information on amplitudes and phases of Fl. This information is unique if Fo and F, are real (lattice and defect are centrosymmetric). In this particular case the structure of the defect may be solved directly without any restriction. It may also be shown, that the structure of an acentric. defect may be solved with the aid of anomalous scahtering. It is obvious that this method of structure -mination of the defect is possible if one F, isunknown. But there is another considerable difficulty. The reciprocal vector h = ha + kb + Ic is not restricted to integral values (hkl). Therefore, a given structure of any defect may have its origin anywhere in the unit cell of the host lattice. Eq. (4) indicates that the relative phases of F, and F, enter the diffraction problem and change the intensity distribution considerably. This statement is specifically important in the m e of non-centrosymmetric structures of the defects.. This means : The diffuse scattering of any defect in a complicated lattice is heavily influenced by the position of the interface between the defect and the host lattice. It can easily be shown that eq. (3) may be applied to any problem but in the case of cooperating defects distribution functions Pik(j) of defects have to be introduced, giving the probability that a cell (scattering amplitude F,) at a distance j from any given reference cell has the scattering amplitude Fi. This procedure has been described in the literature [1] and shall not be presented in this paper. But it should be pointed out that equations similar to (3) may be given if the PikU) may be derived from the diffraction picture.
3. Plagioclases. - The anomalies of the feldsparstructures represent the most complex system of order-disorder phenomena that have been investigated for many years. Consequently, it is impossible to give a real comprehensive review on all disorder phenomena observed, and more so, to state all opinions and interpretations of the complex behaviour of this complicated system. Therefore, we shall restrict ourselves to one part of this multi-component system, the plagioclases, in the composition range An,, to An,,,. They may be described by the chemical formula for the sake of simplicity the compound with x = 1 is called An,,, (100 % anorthite = CaA12Si20,), x = 0 corresponds to An, (1 00 % albite = NaAISi,OB), etc. The structure may -be described in terms of a (Si, Al)02-framework structure, where the Si, A1 distribution may be ordered as it holds for An,,, which has a framework structure with alternating Si-A1 distribution. But the degree of order in An5, is not yet known. For details of the crystal structure the reader may be referred to the text book on feldspars by Smith [2] , and the papers cited therein. The cations Ca and Na occupy relatively large holes in the framework with a complicated coordination of the oxygens. which has been found by a complete structure determination for anorthite. In order to give an idea of the order-disorder phenomena observed. we shall start with the pure anorthite, which is known to have a phase transition from the primitive to a bodycentered structore [3] . Neutron experiments showed that this transition is dynamic in its character for An,,, A renewed study of the reflections h+ k + 1=2 n+ 1 as a function of temperature with a high resolution single crystal method (described by the author [ll]) yielded the surprising result that their diffuseness is already visible at 120 OC, the broadening also begins at this temperature and increases continuously up to 250 OC (above T,, see figure 3 ). This is in contradiction to the neutron measurements and has caused much confusion. Therefore T, cannot be given for the Monte Somma sample, and it will be checked soon whether this statement also holds for the An, , , .
On the other hand it may be concluded from symmetry considerations that any phase transformation from a primitive to a body-centered lattice should have a critical temperature. Thus, the only conclusion to be drawn may be : The phase-transition is not a simple change from a P-to an I-lattice. There should be another structural element in the transition, at least in the samples containing some albite. One possibility is the absence of the center of symmetry, which is assumed to exist in the An-structure. Consequently, there must be a structural relationship between both kinds of defects. It seems to be reasonable to assume that the satellites are due to a very complicated superstructure of Na, Ca and Si, A1 [12] . Figure 2 shows two possible orderings of cations ; one of them is centrosymmetric but seems to be unfavorable from an electrostatic point of view, because of the higher electrostatic repulsion energy of Ca-Ca, Na-Na when compared with two Ca-Na pairs. A similar result may be obtained from the Al, Sidistribution of An,,. This means, that at least in small areas an acentric structure should be realized. between An,, and An,, and the diffuse reflections observed at elevated temperatures are similar. Consequently, it is most probable that the structural basis of static and dynamic domains is essentially the same. Furthermore, if the dynamic domains of the Anloo specimen are not different from the others, we have to face the situation that the structure of An,,, itself may be acentric. But the deviation from centrosymmetry must be very small, such, that the thermal movement of atoms may drive the transformation of domains. It is obvious that this very preliminary model has to be checked very carefully. But even if it turns out to be incorrect, it is at least interesting to learn how an investigation of the diffuse scattering may give more precise informations on structural properties than a conventional structure analysis does.
